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Objective: To retrospectively analyze and compare the outcomes of patients with hepatocellular 
carcinoma treated with either surgical excision or CyberKnife® from September 2006 to August 
2011. 

Materials and methods: Local control and toxicity were the primary endpoints, followed by 
local progression-free survival, progression-free survival, and overall survival as the second- 
ary endpoints. Response Evaluation Criteria In Solid Tumors were the evaluation criteria for 
efficacy; Common Toxicity Criteria 3.0 were the evaluation criteria for adverse events. Local 
control was calculated using the direct method (nonactuarial). The survival curves were drawn 
using the Kaplan-Meier method along with log-rank test analysis. 

Results: The research included 26 patients treated with tumor-free cutting edge (RO) sur- 
gical excision and 22 patients treated with CyberKnife treatment. The results showed that 
the adverse effects of CyberKnife were milder, with 1-, 2-, and 3-year local control rates of 
92.9%, 90.0%, and 67.7%, respectively. The overall survival rates of the surgical treatment 
were 88.5%, 73.1%, and 69.2% for the same periods, while those of CyberKnife treatment 
were 72.7%, 66.7%, and 57.1%, respectively. In this study, surgical excision appeared to 
prolong overall survival to a greater extent, but with no statistical significance; no statistical 
difference was observed in the tumor-specific overall survival and progression-free survival 
between the two cohorts. 

Conclusion: According to this preliminary study, with its mild toxicity, the efficacy of 
CyberKnife treatment for early hepatocellular carcinoma was on par with that of surgical 
resection. 

Keywords: hepatic carcinoma, stereotactic body radiation therapy, hepatectomy 

Introduction 

Respiratory tracking, hype-fractionated dosing, and short-course irradiation regimens 
are among the attractive features of CyberKnife* (Accuray Incorporated, Sunnyvale, 
CA, USA) stereotactic body radiotherapy (SBRT). lJt The recent recognition of the 
radiosensitivity of hepatocellular carcinoma also helped to extend the application of 
radiotherapy to this indication. 5-8 However, at present surgery is still the main treat- 
ment for early hepatocellular carcinoma, with SBRT being used only for recurrent or 
metastatic lesions and lesions that are difficult to resect. The study of the differences 
in efficacy of the CyberKnife SBRT and surgical excision for Stage I hepatocellular 
carcinoma would exert significant clinical influence on the clarification of the advan- 
tages and disadvantages of the two treatments. 
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Materials and methods 

Clinical data 

This is a retrospective analysis of hepatocellular carcinoma 
cases treated either with surgical excision or CyberKnife 
treatment from June 2006 to August 2011. The patients 
in the surgery group all had tumor-free cutting edge (RO) 
resection. Eighteen men and four women between the ages 
of 23 and 83 (median: 57) were in the CyberKnife group. 
Tumor diameters ranged from 1 .6-9.5 cm (median: 4.3 cm). 
According to the Child-Pugh classification, ten cases were 
Grade A, ten were Grade B, and two were Grade C. The 
surgery arm included 24 men and two women between the 
ages of 37 and 77 (median: 55). Tumor diameters ranged 
from 1.8-13.7 cm (median: 4.6 cm) (Table 1). The volume 
of the damaged liver tissue due to the tumor was less than 
30% in both groups. Nine patients in the CyberKnife arm 
and three patients in the surgery arm had systemic diseases. 
Six patients had coronary heart disease (CyberKnife arm); 
four patients had chronic obstructive pulmonary diseases 
(two patients in the CyberKnife arm and two patients in the 
surgery arm), and two patients had hypertension (one patient 
in the CyberKnife arm and one patient in the surgery arm). 
Pretreatment evaluations included a complete patient history, 
physical examination, electrocardiogram, upper abdomen 
and neck ultrasound bone scan, liver magnetic resonance 
imaging (MRI), and intensified Computed Tomography (CT) 
(patients who could not undergo an MRI due to internal 
metal objects were not examined with MRI). Laboratory 
evaluations included hematology, renal and hepatic function 
analysis, and measurements of blood glucose, electrolytes, 
and a-fetoprotein (AFP). All images were studied by two 
radiologists to identify the tumor stage. 

The study was approved by the Tianjin Cancer Institute 
and Hospital ethics committee. All patients gave consent for 
their information to be stored in the hospital database and 
used for research. Because the study is a retrospective study, 
we were unable to obtain written consent from all patients; 
some patients were incapacitated some had died and many 
lived far from the hospital. All living participants provided 
written consent to participate in this study; patients unable 
to provide written consent provided verbal informed consent 
with the written consent of a family member. A treating 
physician, a hospital ethics committee member, and a medi- 
cal records department employee were present at follow-up 
to document the process. During this process, the hospital 
ethics committee member and medical records depart- 
ment employee did not have access to the patients' medical 
records; the confidentiality of records has been respected 
throughout. 



Table I Baseline characteristics 



Characteristics 


CyberKnife® 


Surgery 




(n = 22) 


(n = 26) 


Sex 






Male (n) 


18 


24 


Female (n) 


4 


2 


Age 






Range 


43-80 


37-77 


Median 


57 


55 


Tumor diameters (cm) 






Range 


1.6-9.5 


1.8-13.7 


Median 


4.3 


4.6 


Lesion site (n) 






Left medial lobe 


6 


5 


Left lateral lobe 


3 


8 


Right anterior lobe 


8 


3 


Right posterior lobe 


3 


7 


Caudate lobe 


2 


3 


AFP (before treatment) (ug/L) 






Range 


2.8-7589 


0.9-9840 


Median 


318.3 


84.6 


Child-Pugh score 






A 


10/22* 


23/26* 


B 


10/22* 


3/26* 


C 


2/22 


0/26 


Systemic disease 






Yes 


9/22* 


3/26* 


No 


13/22* 


23/26* 


Following treatment 






No 


1 1/22 


14/26 


Yes 


1 1/22 


12/26 



Notes: *P < 0.05. The remaining differences between the corresponding data were 
not statistically significant CyberKnife® (Accuray Incorporated, Sunnyvale, CA, USA). 
Abbreviations: AFP, a-fetoprotein; n, number. 



Treatment methods 

Surgical approaches included left lateral hepatic lobectomy, 
left hepatic trisectionectomy, right hepatectomy, lobectomy of 
the caudate lobe, and irregular partial hepatectomy, according 
to the tumor location. Patients in the CyberKnife arm were 



Table 2 Toxicity between the two groups (Grade 


>2) 


Toxicity 


CyberKnife® 


Surgery 


Fatigue 


7/22 (31.8%)* 


4/26 (15.4%) 


Anorexia 


6/22 (27.3%)* 


2/26 (7.7%) 


Epigastric discomfort 


7/22 (31.8%)* 


1/26 (3.8%) 


Nausea 


7/22 (31.8%)* 


1/26 (3.8%) 


Vomiting 


4/22 (18.2%)* 


1/26 (3.8%) 


Esophagitis 


3/22 (13.6%)* 


0/26 (0%) 


Anemia 


1/22 (4.5%) 


2/26 (7.7%) 


Stenosis of esophagus 


1/22 (4.5%) 


0/26 (0%) 


Enterostenosis 


0/22 (0%) 


0/26 (0%) 


Intestinal fistula 


0/22 (0%) 


0/26 (0%) 


ALT/AST 


1/22 (4.5%) 


17/26 (65.4%)* 


Hemorrhage 


0/22 (0%) 


2/26 (7.7%) 


Ascites 


0/22 (0%) 


4/26 (15.4%)* 


Hydrothorax 


0/22 (0%) 


3/26 (1 1.5%)* 



Note: *P < 0.05. 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase. 
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Figure I The comparison of PFS and OS between Cyberknife® and surgery. 
Note: CyberKnife® (Accuray Incorporated, Sunnyvale, CA, USA). 
Abbreviations: PFS, progression-free survival; OS, overall survival. 

immobilized by a vacuum mattress in the supine position with 
hands on each side. We used a conventional contrast-enhanced 
CT scan (1.5 mm slice thickness), which covered 1 5 cm above 
and below the lesion to include the target area and the organs 
at risk. All patients were treated with Synchrony® (Accuray 
Incorporated) respiratory tracking. The dose was prescribed 
to a median 79% isodose line (range, 72%-82%) that covered 
the planning target volume (PTV) and irradiated a 3-6 mm 
margin based on the gross tumor volume. The prescription dose 
was 3900-5400 cGy (median: 4500 cGy), and the biologically 
equivalent dose was 8550-14450 cGy (median: 10080 cGy, 
a/p = 10). The dose was delivered in three to eight fractions 
(median: five) on consecutive days, taking into consideration 
the effect on normal tissue. 

Follow-up and endpoints 

The follow-up program for the two arms was the same. All 
patients underwent local and systemic examinations to evaluate 
local control and overall progression 2 months after treatment. 
The post-treatment evaluations also included a complete patient 
history, physical examination, electrocardiogram, upper abdo- 
men and neck ultrasound B, bone scan, and liver MRI and 
intensified CT (patients who could not undergo an MRI due to 
internal metal objects were not examined with MRI). Laboratory 
evaluations included hematology, renal and hepatic function 



Table 3 Cause of death analysis in the two groups 



Characteristics 


CyberKnife® 


Surgery 




(cases) 


(cases) 


Cases of death 


14 


19 


Cause of death 






Tumor-related causes 


8* 


16* 


Nontumor-related causes 


6* 


3* 



Note: *P < 0.05. CyberKnife® (Accuray Incorporated, Sunnyvale, CA, USA). 
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OS (months) 



analysis, and measurements of blood glucose, electrolytes, and 
AFP. The later examination period was determined according 
to local efficacy, primary disease, and the presence of metas- 
tasis before treatment and efficacy evaluation. In the first year 
post-treatment, follow-ups were conducted every 3 months. 
After 1 year, the follow-up frequency for patients exhibiting 
complete response (CR) was reduced to every 6 months. Local 
control and toxicity were the primary endpoints, followed 
by local progression-free survival (LPFS), progression-free 
survival (PFS), and overall survival (OS) as the secondary 
endpoints. The efficacy and CR, partial response, stable disease, 
and progressive disease states were established according to 
Response Evaluation Criteria In Solid Tumors. 910 LPFS was 
defined as the period from the beginning of the treatment to the 
hepatic local progression or death; PFS was the period from the 
beginning of the treatment to overall progression or death, and 
OS was the period from the beginning of the treatment to the 
death of the patient. Adverse events were evaluated according 
to Common Toxicity Criteria 3.0. 11,12 

Statistical methods 

Local control rate was calculated using SPSS 17.0 software 
(IBM Corporation, Armonk, NY, USA). The Kaplan-Meier 
technique was used to calculate survival rate along with log- 
rank test. P < 0.05 was defined as the statistical significance 
standard. 

Results 

Local efficacy of CyberKnife 

The CR, partial response, and stable disease rates were 
50% (eleven cases), 41% (nine cases), and 9% (two 
cases), respectively. Positive response rate was 91%. Six- 
month, 1-, 2-, and 3-year local control rates were 94.4% 
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Figure 2 Tumor special PFS and tumor special OS between CyberKnife® group and surgery group. 
Note: CyberKnife® (Accuray Incorporated, Sunnyvale, CA, USA). 
Abbreviations: OS, overall survival; PFS, progression-free survival. 



(17/18), 92.9% (13/14), 90.0% (9/10), and 67.7% (4/6), 
respectively. 

Toxicity analysis 

The most common Grade ^2 toxicities in the CyberKnife 
group were hypodynamia, nausea, vomiting, and epigastric 
discomfort. No acute Grade &4 toxicities were observed. 
One patient suffered a late-developing stenosis of the 
esophagus, because the lesion was on the left lobe and near 
the esophagus. Hypodynamia, hydrothorax, and ascites 
were also common in the surgery group. Meanwhile, many 
patients in the surgery group suffered transient elevations of 
liver function tests, while this symptom was seldom seen in 
the CyberKnife treatment cohort (Table 2). 

Survival analysis 

At follow-up (median: 53.4 months; range: 7.5-79.3 months), 
the 1-, 2-, and 3-year survival rates of the surgery arm 
were 88.5%, 73.1%, and 69.2%, respectively, while those 
of the CyberKnife group were 72.7%, 66.7%, and 57.1%, 
respectively (median follow-up time: 23.5 months; range: 
2.5-69.2 months). According to log-rank analysis, the sur- 
vival curves of the two cohorts showed that there was no 
statistical difference between the PFS of the patients in the 
two groups. Although no statistical difference was observed 
in the OS of the two study groups, the surgery group fared 
a little better than the CyberKnife-treated group (Figure 1). 
Because of the myriad of heterogeneities between the two 
study arms, we carried out a cause-of-death analysis in the 



two groups (Table 3), which showed that more patients died 
from nondisease-related causes in the CyberKnife treatment 
group than in the surgery group. When these patients were 
excluded, no statistical differences were observed in PFS and 
OS on the tumor-specific survival analysis (Figure 2). 

Conclusion 

In this study, the results appear to show that the efficacy of 
the CyberKnife treatment for Stage I hepatocellular carci- 
noma is equivalent to that of surgical excision, with milder 
adverse events. 

The promising efficacy of the CyberKnife treatment in 
Stage I hepatocellular carcinoma can be attributed to its 
solid technical capabilities. Local control is the main focus 
of the approach to Stage I hepatocellular carcinoma, free of 
local advancement or metastasis. CyberKnife has several 
advantages for the treatment of hepatocellular carcinoma. 
Among these, the Synchrony Respiratory Tracking System 
(Accuray Incorporated) guarantees the centering of the treat- 
ment beam on the PTV despite the movement of the tumor 
with the breathing cycle of the patient. 13 Early attempts 
at treating liver malignancies with radiation were largely 
unsatisfactory due to the extraordinary sensitivity of normal 
liver tissue to the effects of radiation. Therefore, the secret 
of appropriate radiotherapy for liver applications lies not in 
the nature of the radiation, but rather in the delivery method. 
The hypofractionated, short-course irradiation pattern of 
CyberKnife delivers precise, high, biologically equivalent 
doses, which makes it a powerful weapon against inoperable 
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hepatocellular carcinoma. A typical CyberKnife dose distri- 
bution is characterized by a very high dose concentrating on 
the tumor with a rapid dose fall-off around the PTV, which 
protects normal tissue and organs from the detrimental 
effects. 14 ~ 16 This distribution pattern, in theory, should maxi- 
mize local efficacy while minimizing adverse effects. 

The results of the present study appear to support this 
theory. It can be speculated that the lack of obvious PFS dif- 
ferences in the two cohorts can be attributed to intrahepatic 
metastasis of hepatocellular carcinoma and distant metastasis. 
Both CyberKnife SBRT and surgical resection are, after 
all, local treatments. Biological behavior of hepatocellular 
carcinoma is characterized by its tendency for intrahepatic 
and distant metastases. Therefore, the two treatment methods 
cannot help with the PFS 17-19 even when they have excellent 
local efficacy. According to the comparison of OS rates, 
the surgery has the advantage in prolonging survival over 
CyberKnife, though with no statistical significance. However, 
no difference exists between the two groups if we consider 
the complications, performance statuses, and causes of death 
of the patients, and the disease-specific survival. This study 
provides further evidence of the efficacy of CyberKnife 
treatment in Stage I hepatocellular carcinoma from the aspect 
of survival. 

It should be noted that, unlike stereotactic radiotherapy 
for lung cancer, there are many methods of categorization 
of hepatocellular carcinoma stages, with great differences 
and distinctive features for different stages. At present, it's 
very difficult to find a generally accepted and completely 
prognosis-related categorization method. We adapted the 
application of the AJCC Cancer Staging Atlas 20 (based on 
the 6th edition) in this research, because it is in line with the 
international standards. 

Most of the early research focused only on the efficacy of 
CyberKnife, without regard to the staging and comparison of 
the results to those of surgical excision. Through comparison 
with surgical excision, this study does not only showcase 
the efficacy of CyberKnife treatment for hepatocellular 
carcinoma, but also offers an alternative treatment choice 
for Stage I hepatocellular carcinoma, which affords valu- 
able lessons for clinical hepatocellular carcinoma treatment 
and application of CyberKnife in hepatocellular carcinoma 
treatment. 

In summary, through a comparative study on the efficacy 
of CyberKnife and surgical excision, this study has made a 
preliminary exploration in the selection of new treatments for 
Stage I hepatocellular carcinoma and an investigation on the 



efficacy of CyberKnife treatment. Although it has not become 
the main treatment for hepatocellular carcinoma yet, we believe 
that stereotactic radiotherapy, such as the CyberKnife treat- 
ment, will find more widespread acceptance in the future. 
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